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Advanced Interleaving and Massive Interleaving ADCs— Exploring New Frontiers
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The growing demand for higher data rates across various sectors such as communication,
automotive, industrial, healthcare, cloud computing, and Al has driven the continuous research
and development of multi-tens-of-giga to hundreds-of-giga ADCs with extended resolutions. Time-
interleaved (Tl) Analog-to-Digital Converters (ADCs) have undergone significant evolution in
recent years. SAR-type ADCs have met most of the requirements for Tl and Massive Tl sub-
channel architecture. Over the past two decades, SAR ADCs have consistently surpassed
performance barriers, emerging as the most energy-efficient ADC topology for low to medium
resolutions. Notably, improvements in Signal-to-Noise-Distortion (SNDR) performance have been
achieved through the adoption of pure-digital or analog-assisted calibration techniques to address
channel-to-channel non-idealities in Tl implementations. Hybrid combinations of SAR and Pipeline
topologies are increasingly utilized to optimize speed further, Effective-Number-Of-Bits (ENOBSs),
and power dissipation. Feature scaling has facilitated the development of compact TI SAR ADCs
capable of achieving sampling rates beyond 100GSPS as part of large System-on-Chip (SoC)
integration.
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The course begins by delving into interleaver topologies of massive time-interleaved ADCs,
exploring non-idealities, design considerations, modeling techniques, and detailed case studies.
Subsequently, specific attention is given to the design challenges and solutions of peripheral
blocks crucial for high-performance massive Tl ADCs, including the input buffer and reference
buffer. Additionally, key SAR ADC blocks such as the extreme sampler, residue amplifier, and
clocking are examined, covering fundamental concepts and advanced techniques through
comprehensive case studies.
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Basic MOS device modeling, transistor-level analog circuits, elementary gain stages, feedback.
Basic signals and systems theory, frequency response, Laplace and z-transforms, Noise analysis
in analog circuits.
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The recommended target audience for this course are analog and mixed-signal design engineers
looking to get into ADC design as well as those already working with ADCs, interested to learn
advanced state-of-the-art ultra-high-speed ADC design techniques. Advanced undergraduate or
graduate students who wish to develop a solid knowledge of ADC. Familiarity with fundamental
ADC concepts will be beneficial but is not a pre-requisite.
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Lecture 1: Time Interleaver and Massive Time Interleaver (3 hours):
Application and Technology Motivations
Time-Interleaved Non-idealities
Front-End Interleaver Topologies
Topology Variety Considerations
Modeling of Interleaver
Uncertainties and Case Studies
Lecture 2: Wideband Input Buffer and Fast-transient Reference Buffer (2 hours)
Input Network
Nonlinearities

Input Buffer Topologies
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- Linearization Techniques
- Reference Ripple
- Reference Buffer Topologies
- Ripple Suppression Techniques
- Case Studies
Lecture #3 — Wideband Samplers (1 hour)
- Sampling Theory
- Sampler Non-idealities
- Bootstrapped Circuits

Lecture #4 — Clocking and Extreme Amplifier Overview (2 hours)

Effect of Jitter on Sampling
- Low Jitter Clock Receivers
- Power Efficient and Low Jitter CMOS Clock Buffer
- Open-Loop Residue Amplifiers
- Close-Loop Residue Amplifiers
Lecture #5 — State-of-the-Art Low-Resolution High-Speed SAR ADCs (2 hours)
- Single-bit/cycle
- Multi-bit/cycle
- DAC Implementation
- SAR Loop
- SAR Switching Logic
- Redundancy

- Case Studies
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Lecture #6 — Extended Resolution and High-Speed: Pipeline-SAR ADCs (2 hours)
Fundamentals
Comparison with SAR ADCs
Digital Error Correction
Residue Amplification Errors
Case Studies

Q&A: Related Problems faced by Participants
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